Introduction
Observed-species and Shannon-Index, particularly in 0-40 cm soil depths (Fig. 3 ). 1 4 0 There were 54 microbial phyla across all soil samples. The dominant phyla (relative 1 4 1 abundance > 1% across all soil samples) were Proteobacteria, Actinobacteria, 1 4 2 Chloroflexi, Acidobacteria, Nitrospirae, Gemmatimonadetes, Planctomycetes, and 1 4 3 these phyla accounted for 60-91% of the total microbial abundances in the whole soil 1 4 4 profile (SI Appendix, Fig. S1a ). Bacteroidetes, Verrucomicrobia, Latescibacteria, 1 4 5 Parcubacteria, Firmicutes, Microgenomates and Saccharibacteria were less dominant 1 4 6 (relative abundance > 0.1% across all soil samples) but were still found across all soil 1 4 7 samples (SI Appendix, Fig. S1a ). Although no difference in the composition of 1 4 8 Global Carbon Atlas), the NTSM practice in corn farming has the potential to save 6.7% 3 3 4 of household energy and to reduce 1.6% of CO 2 emissions each year in China. 3 3 5
Taken together, we provide new evidence that low-disturbance practice promotes 3 3 6 deep-soil stability to cope with environmental stress through increasing water and 3 3 7 nutrient holding capacity, microbial richness, microbial diversity and ecological 3 3 8 functions. According to ecological theory (49, 50) , microbial community assembly in 3 3 9 the CT treatment was mainly based on deterministic processes and significantly 3 4 0 influenced by environmental stress and fertilizer nitrogen. Stover mulching might 3 4 1 alter these processes through deeper roots affecting the vertical heterogeneity in 3 4 2 resource availability(4). When energy resources are richer in the soil, environmental 3 4 3 stress tend to alleviate(51), and higher biodiversity was caused due to more stochastic 3 4 4 processes introduced in community assembly(52). Moreover, low disturbance practice 3 4 5 also showed the potential to increase the maize yield (Fig. 2) , save energy, and 3 4 6 decrease the risk of groundwater leaching and greenhouse gas emissions. In view of 3 4 7 the importance of microbial community assembly in predicting ecosystem service 3 4 8 functions (53, 54) , our results demonstrated that the lowest disturbance-practice -3 4 9 no-tillage with stover mulching increases the sustainability of agro-ecosystems. Academy of Sciences in Jilin province, Northeast China (43.19° N, 124 .14° E). The 3 5 4 region has a humid continental climate with a mean annual temperature of 6.9 °C and 3 5 5 the mean annual precipitation of 614 mm. The soils are classified in the Mollisol 3 5 6 order (Black Soil in Chinese Soil Classification) with a clay loam texture(55). The site 3 5 7 has been continuously planted with maize since 2007. We set up an experiment by a 3 5 8 randomized complete block design with four replicates and five treatments. Each plot 3 5 9 area was 261m 2 (8.7×30m). The five treatments included conventional tillage 3 6 0 (moldboard plowing to a depth around 30 cm), no-tillage (no soil disturbance and 3 6 1 direct seeding), and no-tillage with three-level stover mulching (33%, 67% and 100% 3 6 2 newly produced maize stover were evenly spread over the soil surface each fall). For 3 6 3 each treatment, slow-release fertilizer was applied at one time when sowing, which 3 6 4 was equal to 240 kg/ha N; 47 kg/ha P; 90 kg/ha K. The rainfall data were obtained 3 6 5 from local meteorological admistration. The grain yield was estimated by manually 3 6 6 harvesting 20 m 2 area, randomly taken from each plot. 3 6 7
In this experiment, in order to reduce the damage to the plots and reduce costs, 3 3 6 8 plots were randomly taken from each treatment including conventional tillage (CT), 3 6 9 no-tillage without stover mulching (NTNS), no-tillage with 100% stover coverage 3 7 0 (NTSM) as three comparative practices. In April 2017, triplicate soil cores (0-300 cm) 3 7 1 were collected from each plot at the dormant season. After removing surface stover, 3 7 2 we took soil cores by a stainless-steel hand auger and sliced each into ten layers: 0-10 3 7 3 cm, 10-20 cm, 20-40 cm, 40-60 cm, 60-90 cm, 90-120 cm, 120-150 cm, 150-200 cm, 3 7 4 200-250 cm, 250-300 cm. In total, 90 soil samples were collected and transported to 3 7 5 the laboratory within 3 hours, then passed through a 2-mm sieve. All visible roots, 3 7 6 crop residues and stones were removed. Each soil sample was divided into three 3 7 7 subsamples: one subsample for DNA extraction and soil salt-extractable organic 3 7 8 carbon (SEOC) measurement that was immediately placed into a polyethylene plastic 3 7 9
bag and stored at -80 °C, one for chemical measurements including ammonium 3 8 0 nitrogen (NH 4 + -N) and nitrate nitrogen (NO 3 --N) (within one day), and the remaining 3 8 1 one was air dried for other soil physicochemical properties. 3 8 2 Soil properties. Soil total nitrogen (TN) content was measured by an Element 3 8 3 analyzer Vario EL III (Elementar Analysensysteme GmbH, Hanau, Germany). Soil 3 8 4 organic carbon (SOC) was converted from soil organic matter (SOM) that was 3 8 5 measured by potassium dichromate oxidation(56). Soil pH was measured in deionized 3 8 6 free-CO 2 water (1:2.5 w/v). Gravimetric soil moisture was determined by oven-drying 3 8 7 fresh soil to a constant weight at 105 °C. Soil NH 4 + -N and NO 3 --N were extracted 3 8 8 from fresh soil by 2 M KCl and measured by a continuous flow analytical system 3 8 9 (AA3, SEAI, Germany). To reflect soil soluble, exchangeable, mineral-bound OC, 3 9 0 soil salt-extractable organic carbon (SEOC) was extracted from the frozen soil 3 9 1 samples with 0.5 M K 2 SO 4 (1:5 w/v)(4, 57, 58). 3 9 2 DNA extraction, PCR amplification and pyrosequencing. Soil DNA was extracted 3 9 3 from the frozen soil samples (0.5 g wet weight) by using MoBio PowerSoil DNA 3 9 4 isolation kit (MoBio Laboratories, Carlsbad, CA, USA) following the instructions of 3 9 5 the manufacturer. The quality of DNA was determined by 1% agarose gel 3 9 6 electrophoresis. The V3-V4 region of the bacterial 16S rRNA gene was amplified by 3 9 7 PCR using the primers 338F and 806R with barcode for Illumina MiSeq sequencing. PCR was performed in a total volume of 50 μ l containing 30 ng DNA as a template, 3 9 9 20 mol of each primer, 10mM dNTPs, 5μl 10× Pyrobest buffer and 0.3 U of Pyrobest 4 0 0 polymerase (Takara Code: DR005A). The PCR cycle conditions were as follows: 4 0 1 initial denaturation at 95°C for 5 min followed by 26 cycles of denaturation at 95°C 4 0 2 for 45s, annealing at 50°C for the 30s, and extension at 72°C for 45s, with a final 4 0 3 extension at 72°C for 10 min. Each sample was amplified for three replicates. The 4 0 4 PCR products from the same sample were pooled, checked by 2% agarose gel 4 0 5 electrophoresis and were then purified using AxyPrepDNA agarose purification kit 4 0 6 (AXYGEN). Finally, purified PCR products were sequenced on an Illumina MiSeq 4 0 7 platform PE300 sequencer (Illumina, USA). 4 0 8
The raw sequence data were further analyzed by the following protocol. 4 0 9
Low-quality sequences with an average quality score of less than 20 were filtered by 4 1 0 employing Trimmomatic(59). The FLASH software was used to merge overlapping 4 1 1 ends and treat them as single-end reads(60). The non-amplified region sequences, 4 1 2 chimeras and shorter tags were also removed using Usearch and Mothur(61, 62). The 4 1 3
resulting high-quality sequences were clustered into Operational Taxonomic Units 4 1 4 (OTUs) at 97% sequence similarity using Usearch (Version 8.1.1861 4 1 5 http://www.drive5.com/usearch/) (Edgar, 2013) . OTUs were then classified against 4 1 6 the Silva (Release119 http://www.arb-silva.de) database and the taxonomic 4 1 7 information of each OTU representative sequence was annotated using the RDP 4 1 8
Classifier(63-65). A total of 3,255,693 high-quality reads were obtained from all soil 4 1 9 samples, which were clustered into 9,573 unique OTUs at a 97% sequence similarity. 4 2 0
The Good's coverage of all the samples ranged from 0.93 to 0.98, which indicates an 4 2 1 adequate level of sequencing to identify the majority of diversity in the samples. The relative abundances of individual phyla in different samples were computed by R 4 2 6 packages. The indicator analysis based on genera-specific to each soil depth was 4 2 7 conducted using indicspecies package of R with 9999 permutations, and the P-values 4 2 8
were corrected for multiple testing using qvalue package of R (14, 66 
